Summary. The antigenic composition of an endocarditis-associated isolate of Streptococcus faecalis was studied by immunoblotting of whole cells and cell walls from sodium-dodecyl sulphate polyacrylamide gels on to nitrocellulose and detection with serum from patients and hyperimmune rabbit serum. A major envelope protein antigen of mol. wt 53 x lo3 detected with patient's serum was also present in three urinary strains of Str. faecalis and a laboratory strain of Str. faecalis ss. zymogenes but not in Staphylococcus aureus. Other common antigens of Str. faecalis were of mol. wt ( lo3) 65,63, 56,49.5,30 and 21. Two other protein antigens (43 and 37 x 10' mol. wt) reacted strongly with asparagus pea lectin-peroxidase conjugate indicating the presence of fucosyl residues. Other lectin-peroxidase conjugates were used to demonstrate the presence of various glycosyl residues on envelope proteins. Growth of Str. faecalis in serum to mimic in-vivo growth conditions in endocarditis infections dramatically altered the antigenic patterns. Only two major antigens of mol. wt ( lo3) 56 and 53 reacted with sera from endocarditis patients. These antigens may, therefore, be of diagnostic or protective potential.
Introduction
Streptococcus .faecalis currently accounts for c. lCrlSo/, of endocarditis infections (Wilson and Geraci, 1983; Scheld and Mandell, 1984) . There is evidence that its incidence is increasing especially in the elderly (Welsby, 1978) . Enterococci are generally resistant to many antibiotics (Moellering et ul., 1979; Mederski-Samoraj and Murray, 1983; Wilson and Geraci, 1983) and the treatment of enterococcal endocarditis requires extended periods of antibiotic therapy (Welsby, 1978; Wilson and Geraci, 1983) .
We are investigating the reasons why Str. faeca-/is, a normal member of the commensal flora of the gut, should colonise heart tissue after transient bacteriaemias (Sipes et a/., 1977) . Surface properties of bacteria play a key role in adherence and colonisation (Beachey, 198 1) . Proteins and glycoproteins on the bacterial surface may mediate adherence to heart tissue by interaction with host molecules such as fibronectin (Kuusela, 1978; Proctor et d., 1982; Myhre and Kuusela, 1983; Kuusela et d., 1984) , fibrin-platelet vegetations (Scheld et fibrinogen and collagen (Engvall et a/., 1978; Yamada and Olden, 1978) . Identification and characterisation of these components should be of value in the study of mechanisms of pathogenicity and may also be of diagnostic, therapeutic and protective value. We have investigated surface components of Str. faecalis isolated from a patient with endocarditis using sodium-dodecyl sulphate polyacrylamide-gel electrophoresis (SDS-PAGE) and Western blotting onto nitrocellulose. Protein antigens were immunodetected with hyperimmune rabbit serum and serum from patients. The presence of glycoproteins, was investigated by probing with lec t ins.
Materials and methods

Bacterial strains
A laboratory strain and a clinical isolate from a patient with endocarditis were used: Str. faecalis ss. zymogenes (strain SFZ) (Facklam, 1972) was kindly donated by Dr N. J. Parsons, Department of Microbiology, Birmingham University; the clinical isolate (strain EBH 1) was isolated from a blood cuIture of a patient with endocarditis at East Birmingham Hospital Heart Unit. Three isolates from patients with urinary-tract infection (strains 741,777 and 790) were also used. Strains SFZ and 777 were phaemolytic on nutrient agar containing horse blood 7% w/v; strains EBHI, 741 and 790 were non-haemolytic when grown on the same medium. Staphylococcus aureus NCTC 6571 (Oxford strain) was also used. Strains were maintained on nutrient-agar slopes at 4°C and subcultured monthly. Bacteria were grown either in brain-heart infusion broth (BHI; Lab M, Salford) or heat-inactivated horse serum (Gibco, Europe) to an absorbance at 470 nm of 0.25 (E470 0.25) in a rotary shaker at 3 7 T .
Preparation of whole cells and cell walls
Cells were harvested by centrifugation at 10 OOOg for 10 min, washed twice and resuspended in 0.01 M Tris-HCI buffer (PH 7.4) to E470 5.0. Bacterial suspensions were kept frozen at -20°C until required. Streptococcal cell walls were prepared by sonication of whole-cell suspensions (MSC Soniprep I50 ultrasonic disintegrator). Ice-cooled suspensions were subjected to six 1-min bursts of ultrasound interspersed with 30-s intervals. Unbroken whole cells were removed by centrifuging twice at 3 000 g for 5 min. Cell walls were obtained by centrifugation at 48 000 g for 45 min. The pellet consisting of crude cell walls was resuspended in 0.01 M Tris-HCI buffer (pH7.4) to E470 5-0.
Hyperimmune rabbit serum
Strain EBHl was grown to Ed70 0.25 in 100 ml of either BHI or serum. Cells were harvested, washed and resuspended in 25 ml of normal saline to give a suspension of 1 .O. Bacteria were killed by exposure to UV light for 10 min. Antiserum was raised by giving pairs of rabbits (3 kg, half-lop) 1 ml of the killed cell suspension by injection at three sites in the neck. After eight injections at weekly intervals blood was obtained by cardiac puncture. Sera were stored at -20°C until required.
Human serum
Serum was collected by venepuncture from the patient infected by strain EBH1: before commencement of antibiotic treatment; shortly after the start of treatment with ampicillin plus gentamicin; and also at a later stage in treatment. The serum was clarified by centrifugation at a low speed to remove any solid matter. From a second patient with Sir. faecalis-associated endocarditis at the same hospital, a single serum sample was collected during treatment with ampicillin plus gentamicin.
Sodium-dodecyl sulphate polyacrylamide-gel electrophoresis (SDS-PAGE)
The system described by Lugtenberg et al. (1975) was used. Whole-cell or cell-wall suspensions were added to equal volumes of sample buffer. The samples were denatured at 100°C for 10min and separated on a 12Xgel at a constant current of 40 mA. Electrophoresis was stopped when the bromophenol-blue marker had migrated to a distance of 12 cm from the bottom of the stacking gel (if no blotting was to follow) or 9 cm if subsequent blotting was to take place. At the end of electrophoresis, the gels were either stained with Coomassie brilliant blue or used for Western blotting.
Western blotting
The cell components separated by SDS-PAGE wcrc transferred on to nitrocellulose sheets as described by Towbin et al. After transfer, the nitrocellulose blots were washed by gentle shaking for 30 min at 37°C in a solution containing Tween-20 0.3% v/v, NaClO-9% w/v and 0.01 M Tris-HCI @H 7.4) (TTBS) to block unbound sites on the nitrocellulose (Batteiger et al., 1982) . Large blots from multitrack gels (12 x 9 cm) were soaked in plastic boxes with airtight lids and a holding volume of 50 ml; strip-blots cut from a 12-cm single-track gel (1 x 9 cm) were soaked in perspex trays with compartments (1.5 x 10 cm) each holding a volume of 5 ml, TTBS was drained from the blots which were then rinsed three times in 0.01 M Tris-HCI buffer (pH 7.4) containing NaClO.9% w/v (TBS).
For detection of antigens with serum, the blots were incubated in either human serum or hyperimmune rabbit serum at a dilution of I in 50 in TTBS by gentle shaking at 37'C for 3 h. The blots were rinsed three times in TBS and soaked in protein A-peroxidase conjugate (Sigma) in TTBS (0.25 pg/ml) for 2 hat 37°C. Control experiments in which the antiserum was omitted showed that antigens were not visualised with protein A-peroxidase alone. This conjugate was preferred to goat anti-human IgG-peroxidase (Sigma) which reacted with several streptococcal antigens in the absence of human antiserum. For detection of glycosylated material with lectins, the washed blots were gently shaken at 37°C for 2 h in peroxidaselinked lectin in TTBS (0.25 pg/ml). The lectin-peroxidase conjugates used were: concanavalin A (Con A; Reeke et al., 1974); wheat-germ agglutinin (WGA; Nagata and Burger, 1974); soy-bean agglutinin (SBA; Lis et al., 1970) and asparagus pea lectin (APL; Pereira and Kabat, 1974) .
The serum-and lectin-incubated blots were visualised after rinsing in TBS by adding a freshly prepared solution containing H202 0.01% v/v and 4-chloro-1-naphthol (25 pg/ml) in 0.01 M Tris-HC1 (PH 7.4). The 4-chloro-lnaphthol was first dissolved in a small amount of methanol and then added to the HzOz-Tris solution. After 30 min the reaction was stopped by washing with distilled water and the blots were photographed immediately.
Results
SDS-PAGE
The whole-cell protein profiles of the five strains of Str. faecalis grown in BHI were basically similar ( fig. I ; tracks I , 5-8). Major proteins of mol. wt ( I 0') 77, 73, 65 and 53 appeared in all strains of Str. fuucnlis but not in Staph. auruus (track 9). Growth of strain EBHl in serum produced a simpler pattern ( fig. I ; track 3) . Some proteins were of similar mol. wt to those of 73, 65, 60, 56, 53, 44 and 43 (10 tracks 2 and 4). The crude walls would be expected to contain many proteins of cytoplasmic-membrane origin in addition to genuine wall components. Major bands in the wall corresponded to mol. wts ( 1 0') 65, 60, 56, and 43.
Western blotting and immunodetection of antigens
The antigenic composition of the samples in fig.   1 , after transfer on to nitrocellulose and immunodetection with hyperimmune rabbit serum raised against whole cells of strain EBH 1 grown in BHI, is shown in fig. 2a fig. 2b ). These bands were barely detectable on the gels stained with Coomassie blue. Pre-immune rabbit serum did not reveal any antigen bands. Additional bands of mol. wt (lo3) 73 and 37 were also present in cell walls and whole cells of serumgrown strains.
To study the antigenic components of strain EBH 1 in detail, separated material from a single 12-cm wide track on SDS-PAGE was transferred on to nitrocellulose, the nitrocellulose cut into 1 -cm wide strips and probed with various antisera or lectins. The antigenic and lectin-receptor patterns of whole cells of strain EBHl grown in BHI are shown in fig.  3a . Serum from one of the patients with endocarditis reacted strongly with many antigens (strip 9), most of which were detected with rabbit serum at different intensities (strip 10). Two antigens of low mol. wt (17 and 16 x lo3), detected as strong bands with patients' serum, were not detected in the strip probed with rabbit antiserum. Serum from the second endocarditis patient showed a much weaker response (strips 6-8), antigens of mol. wt (lo3) 43 and 37 being detected in serum taken during various stages of antibiotic therapy. The antigens of mol. wt (lo3) 43 and 37, also recognised with serum of the first patient and with the rabbit serum, reacted with lectin conjugates (strips 2-5). APL-peroxidase reacted most strongly, binding to the antigens of mol. wt ( lo3) 43 and 37; this reaction was completely fig. 1 detected with hyperimmune rabbit serum followed by protein A-peroxidase and chromogenic substrate; serum was raised against whole cells of Str.Jbecofis strain EBH 1 grown in BHI (N) or serum (h). Mol. wts (10') are indicated. Fig. 3 . Strip-blots of whole cells of Str. faecalis strain EBHl separated by SDS-PAGE and transferred to nitrocellulose by Western blotting. Growth was in BHI (a) or serum (6). The nitrocellulose was cut into strips and detection was as follows: amido-black staining for proteins (1); WGA-peroxidase (2); con A-peroxidase (3); APL-peroxidase (4); SBA-peroxidase (5); serum from second endocarditis patient before antibiotic therapy (6) and after therapy with ampicillin and gentamicin for 1 week (7) and 2 weeks (8); serum from first endocarditis patient (9); hyperimmune rabbit serum raised against whole cells of strain EBH I grown in BHI ( a ) or serum (b) (10). Mol. wts ( lo3) are indicated. inhibited in control experiments in which the lectin conjugate was pre-incubated with L-fucose (2-5 pg/ ml). APL-peroxidase also gave weak reactions with the antigens of mol. wt ( lo3) 77, 73, 34, 25 and 21. Weaker reactions with the antigens of mol. wt ( lo3) 43 and 37 were obtained with WGA-, con A-and SBA-peroxidase conjugates indicating the presence of fucosyl, N-acetylglucosaminyl, N-acetylneuraminyl, glucosyl, mannosyl and N-acetyl-galactosaminyl residues in these antigens.
Strip blots of serum-grown strain EBHl probed with the same antisera and lectins ( fig. 3h ) revealed a strikingly different pattern to that of BHI-grown cells. Serum from the first patient reacted strongly with the antigens of mol. wt ( lo3) 56 and 53 (strip 9) whereas serum from the second patient produced a much weaker reaction with these same antigens (strips 6-8). Patterns produced by the lectins (strips 2-5) were also very different between cells of strain EBHl grown in serum and BHI. Con A (strip 3) reacted very strongly with material of mol. wt (70-90) x lo3 and also with material of higher mol. wt. We assume that this material, which was also detected with rabbit serum raised against serumgrown cells, represents glycosylated serum proteins bound to cells during growth. The other lectins produced faint reactions with antigens of mol. wt (lo3) 73 and 43; the latter antigen, reacting with APL and present on strain EBHl grown in BHI, is common to the other strains of Str. faecalis ( fig. 4) . 
Discussion
Surface proteins of oral streptococci have received considerable attention both for taxonomic purposes and in determining their biological role as salivary-agglutinin receptors (Nesbitt et al., 1980; Zanders and Lehner, 1981; Appelbaum and Rosan, 1984; Ogier et al., 1984) . Surface proteins in Staph. aureus and Str. pyogenes have been related to colonisation (Espersen and Clemmensen, I 982; Speziale et al., 1984) . In this study, we have used SDS-PAGE, immunoblotting and ligand blotting with lectins to study the surface composition and antigenicity of a group-D enterococcus, Str. faecalis, a normal member of the commensal flora of the gut but capable of causing infective endocarditis following transient bacteriaemia. Cell walls prepared from an endocarditis-associated strain of Str. .fuecalis grown in BHI contained a range of protein molecules recognised as antigens with the serum of two patients with endocarditis. The major common antigen, a protein of mol. wt 53 x lo3, was also present in three isolates from patients with urinarytract infection and in a laboratory strain of Str. faecalis ss zymogenes. Other common antigens among the strains of Str. faecalis included proteins of mol. wt (lo3) 65, 63, 59, 49.5, 47, 30 and 21. Ligand blotting with four lectins indicated that the antigens of mol. wt ( lo3) 43,37 and 34, only weakly antigenic in tests with patients' serum and hyperimmune rabbit serum, were glycosylated. The strong reaction with APL, inhibited by L-fucose, indicated the presence in these antigens of fucosyl residues, whilst weaker reactions with WGA, con A and SBA indicated the presence of N-acetylglucosaminyl, N-acetylneuraminyl, glucosyl or mannosyl, and N-acetylgalactosaminyl residues. Glycoproteins on the surface of streptococci may play a part in colonisation by binding to lectin-like proteins present in heart tissue. Strong interactions of this type must occur for streptococci to colonise heart tissue overcoming the hydrodynamic pressures in this region. Other contributions towards the adherence of streptococci to heart valves may include the participation of host factors such as fibronectin, platelet-fibrin vegetations, fibrinogen and collagen. Fibronectin-receptor proteins are important in the adherence of Staph. aureus to heart valves (Kuusla, 1978; Espersen and Clemmensen, 1982; Ryden et al, 1983) . Similar receptors may be present in streptococci of groups A, C and G (Switalski et al., 1982; Myhre and Kuusela, 1983) but have yet to be reported in group-D streptococci. Fibrillar surface components like the M proteins of group-A streptococci (Kehoe et al., 1985) or the structures observed in Str. sanguis (Handley et a!., 1985) may also occur in enterococci. Str. faecalis has been shown to produce multiple adhesive cell-surface antigens which are involved in clumping and possibly in plasmid transfer between cells (Kessler and Yagi, 1983; Tortorello and Dunny, 1985) . All of these adhesive protein antigens are possible candidates for mediating adhesion to host tissues.
It is now well established that there are important differences between bacteria grown in viva and those grown in complex laboratory media in vitro (see Dalhoff, 1985) . In particular, surface properties related to pathogenicity are influenced by the growth conditions (Smith, 1977; Costerton and Marrie, 1983; Brown and Williams, 1985) . Bacteria which colonise the heart valves originate from bacteriaemias (Sipes et al., 1977) and so the surface composition of these cells is possibly influenced by their growth in serum. We have, therefore, studied the surface composition of Str..faecalis after growth in serum to stimulate in-vivo conditions. Comparison of the properties of cells grown in serum with those grown in a nutritionally complex laboratory medium (BHI) illustrated the important effects of growth conditions. Serum-grown cells had different antigenic and lectin-receptor profiles to those of BHI-grown cells. Antigenic profiles obtained with hyperimmune rabbit serum were much simpler for serum-grown cells, only two major antigens of mol. wt (lo3) 56 and 53 predominating. These antigens were detected by antibodies in the sera of two
